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A multivariate logistic regression analysis of risk
factors for blunt cerebrovascular injury
John D. Berne, MD, Alan Cook, MD, Stephen A. Rowe, MD, and Scott H. Norwood, MD, Tyler, Tex
Introduction: The diagnosis of blunt cerebrovascular injuries (BCVI) has improved with widespread adaptation of
screening protocols and more accurate multi-detector computed tomography (MDCT-A) angiography. The population
at risk and for whom screening is indicated is still controversial. To help determine which blunt trauma patients would
best benefit from screening we performed a comprehensive analysis of risk factors associated with BCVI.
Methods: All patients with BCVI from June 12, 2000 (the date at which our institution began screening for these injuries)
to June 30, 2009 were identified by the primary author (JDB) and recorded in a prospective database. Associated injuries
were identified retrospectively by International Classification of Diseases, Ninth Revision (ICD-9) code and compared
with similar patients without BCVI. Demographic information was also compared from data obtained from the trauma
registry. Univariate analyses exploring associations between individual risk factors and BCVI were performed using
Fisher’s exact test for dichotomous variables and Student’s t test for continuous variables. Additionally, relative risk (RR)
was calculated for dichotomous variables to describe the strength of the relationship between the categorical risk factors
and BCVI. Multivariate logistic regression models for BCVI, BCAI (blunt internal carotid artery injury), and BVAI
(blunt vertebral artery injury) were developed to explore the relative contributions of the various risk factors.
Results: One hundred two patients with BCVI were identified out of 9935 blunt trauma patients admitted during this time
period (1.03% incidence). Fifty-nine patients (0.59% incidence) had a BVAI and 43 patients (0.43% incidence) had a BCAI.
Univariate analysis found cervical spine fracture (CSI) (RR 10.4), basilar skull fracture (RR 3.60), andmandible fracture
(RR  2.51) to be most predictive of the presence of BCVI (P < .005). Independent predictors of BCVI on multivariate
logistic regression were CSI (OR 7.46), mandible fracture (OR 2.59), basilar skull fracture (OR 1.76), injury severity
score (ISS) (OR  1.05), and emergency department Glasgow Coma Scale (ED-GCS) (OR  0.93): all P < .05.
Conclusions: Blunt trauma patients with a high risk mechanism and a low GCS, high injury severity score, mandible
fracture, basilar skull fracture, or cervical spine injury are at high risk for BCVI should be screened with MDCT-A.
(J Vasc Surg 2010;51:57-64.)The diagnosis of blunt cerebrovascular injury (BCVI)
continues to be a great challenge for front-line providers of
trauma care. Recently, wide acceptance of multi-detector
computed tomography angiography (MDCT-A) as an ac-
curate diagnostic modality has made screening for these
injuries easier and screening protocols have become com-
monplace in many trauma centers. Controversy still per-
sists, however, as to the appropriate population to screen.
In light of new strong evidence that the radiation associated
with routine CT scanning for traumatic injury incurs a small
but measurable increased risk of malignancy,1 it is impor-
tant to accurately identify those patients at highest risk of
BCVI. The purpose of this study was to quantify the risk of
BCVI from a cohort of trauma patients admitted to a Level
I trauma center over a nine year period during which a
policy of liberal screening was employed.
METHODS
We conducted a cohort study of consecutive trauma
patients admitted to our Level I Trauma Center over nine
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doi:10.1016/j.jvs.2009.08.071years from June 12, 2000 (beginning of MDCT-A screen-
ing protocol) until June 30, 2009. Data were obtained
from our trauma registry, which prospectively gathers de-
mographic, diagnosis, procedure, disposition, and clinical
data on all patients admitted to our trauma service. We
employ a practice of liberally screening for BCVI utilizing
MDCT-A. All BCVIs are reviewed by a staff trauma sur-
geon (JDB) who follows these patients after discharge and
maintains an ongoing database of these injuries. To our
knowledge, we have not missed any cases of BCVI during
the time period covered by this data set.
The trauma registry was queried for all adult blunt
trauma patients admitted during the time period shown
above. We defined certain injuries and clinical variables as
risk factors based on those cited in previously published
work.2,3 Variables for the various risk factors were gener-
ated by categorizing International Classification of Dis-
eases, Ninth Revision (ICD-9) codes from the registry for
discharge diagnoses using the taxonomy shown in Table I.
These associated injuries were generated as dichotomous
variables.
Injury Severity Score (ISS), emergency department
Glasgow Coma Scale (ED-GCS) score, and Abbreviated
Injury Score (AIS) for chest injuries were employed as
continuous variables. Univariate analyses exploring associ-
ations between individual risk factors and BCVI were per-
formed using Fisher’s exact test for dichotomous variables
and Student’s t test for continuous variables. Additionally,
relative risk (RR) was calculated for dichotomous variables
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categorical risk factors and BCVI. Multivariate logistic re-
gression models for BCVI, BCAI (blunt internal carotid
injury), and BVAI (blunt vertebral artery injury) were de-
veloped to explore the relative contributions of the various
risk factors. Dichotomous risk factors were included in the
model if the RR was 2 or greater and the P-value was less
than 0.05. In addition to these covariates, emergency de-
partment GCS and ISS were included in the model, given
their small P-value in the univariate analyses. P-values less
that 0.05 were considered significant.
Screening. A screening protocol to identify patients at
highest risk for BCVI was developed based on published
experience2 and was similar to our prior published study.3
The criteria for screening as follows: 1) Identification or
suspicion of any of the following associated injuries: basilar
skull fracture, cervical spine injury, multiple or severe facial
fractures, cervical hematoma, or cervical abrasion in a pa-
tient with an appropriate mechanism; or 2) Glasgow Coma
Score less than or equal to 8 (either in the field or the
emergency department; or 3) lateralizing neurological
signs. All patients must have an injury mechanism consis-
tent with a high-speed deceleration incident or as a result of
a direct blow to the cervical area. Hanging victims were also
screened. In July 2003, based on information from our
experience, we did amend the screening protocol to include
patients with chest injuries AIS3 and with isolated man-
dible fractures and an appropriate mechanism.
Diagnosis and treatment. Screening was accom-
plished with a MDCT-A performed at the time of other
initial admission CT scans. All scans from June 20, 2000 to
August 5, 2002 were obtained on a General Electric Light-
speed Four (General Electric Corporation, New York, NY)
scanner, which acquires four slices per rotation. From Au-
gust 6, 2002 until December 6, 2005, a General Electric
Lightspeed Sixteen model scanner, which acquires sixteen
slices per rotation, was used. From December 7, 2005 to
Table I. Associated injuries examined as potential risk
factors for BCVI and ICD-9 code ranges used from
trauma registry for multivariate logistic regression analysis
Injury type ICD 9 code range
Basilar skull fracture 801.0-801.9
Facial fracture 802.0-803.9
Lefort fracture 802.4-802.5
Cervical spine fracture 805.0-805.1 & 806.0-806.19
Thoracic and Lumbar spine
fracture 805.2-805.5 & 806.2-806.5
Rib fracture 807.0-807.1
Pelvic fracture 808.0-808.9
Extremity fracture 812.0-824.9
Traumatic intracranial
hemorrhage 851.0-854.1
Facial injury 869.19-874.9 & 919.99-922
Abdominal injury 862.99-869
BCVI, Blunt cerebrovascular injury; ICD-9, International Classification of
Diseases, Ninth Revision.June 30, 2009, a General Electric Lightspeed 64, whichacquires sixty four slices per rotation, was used. All
MDCT-A were read by a board-certified attending radiol-
ogist within hours of the study completion and reported to
the trauma surgeon on call. During the first five years of the
study, if aMDCT-Awas read as negative, no further studies
were ordered. If MDCT-A was nondiagnostic, equivocal,
suspicious, or strongly suggestive for injury to the carotid
or vertebral artery, a four-vessel cerebral arteriogram
(FVCA) was performed. Following review of our own data
and other published studies showing a high sensitivity and
specificity for MDCT-A,4-8 we eliminated routine FVCA
for vertebral artery injuries, unless specifically requested by
the trauma surgeon or neurosurgeon. FVCA was always
performed for nondiagnostic or equivocal studies. When an
injury was identified, treatment was initiated in consulta-
tion with the neurosurgery service and, when appropriate,
the interventional radiologist. Vascular surgery was con-
sulted only when operative treatment was considered. Ra-
diological interpretations of all studies in screened patients
were recorded and analyzed. All patients were examined
twice daily by an attending trauma surgeon while in the
intensive care unit (ICU) and once daily on the surgical
floor and a neurological examination was recorded. Survi-
vors with BCVI were all seen in follow up by the primary
author (JDB) until they were three months out from their
injury and any complications were recorded.
RESULTS
There were 9935 blunt trauma admissions during the
study period. BCVI was identified in 102 patients (1.03%
incidence). Forty-three patients (0.43% incidence) had a
BCAI and 59 (0.59% incidence) had a BVAI. Characteris-
tics of all patients with and without BCVI are shown in
Table II. Univariate analysis of these continuous variables
revealed the injury severity score (ISS) and emergency
department Glasgow Coma Score (ED-GCS) to be highly
significant risk factors predicting the presence of BCVI
(P  .001).
Right and left sided injuries occurred with ap-
proximately equal frequency for both BCAI and BVAI
and bilateral injuries were present in nine cases (8.8%)
Table II. Characteristics of 9,935 consecutive blunt
trauma patients
BCVI
n  102
No BCVI
n  9,833 P
Age (mean years) 39.8 42.5 .13
Gender (% male) 63.7 63.5 .97
ISS (mean) 28.9 12.7 .001
ED GCS (mean) 8.7 13.3 .001
Max. chest AIS (mean) 3.1 2.9 .01
Hospital LOS (mean days) 15.7 7.7 .001
Death (n/%) 26/25.5% 537/5.5% .006
AIS, Abbreviated injury score; BCVI, blunt cerebrovascular injury; EDGCS,
emergency department GlasgowComa Scale; ISS, injury severity score; LOS,
length of stay.(Table III). For BCAI, Grade II (27.9%) and III injuries
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injuries (69.5%) constituted the vast majority of BVAI
(Table V). Annual incidence for BCAI and BCVI by year is
shown in Table VI.
On univariate analysis basilar skull fracture (RR 
4.83), traumatic intracranial hemorrhage (RR  4.43),
mandible fracture (RR 4.30), and the presence of any facial
fracture (RR  3.59) were all highly significant risk factors
for the presence of BCAI (P .001). Other significant risk
factors but with lower relative risks were a Lefort fracture
(RR 2.94), pelvic fracture (RR 2.87), any facial injury
(RR 2.81), any thoracic or lumbar fracture (RR 2.63),
and any cervical spine injury (RR  2.49) (Table VII).
For BVAI, the presence of a cervical spine injury (CSI)
was the injury most strongly associated with BVAI (RR 
28.0) (Table VIII). The presence of basilar skull fracture
(RR  2.87), any thoracic or lumbar spine fracture (RR 
2.16), and any facial injury (RR  1.84) were also signifi-
cant predictors of BVAI (P  .05).
Combining BCAI and BVAI for the purposes of guid-
ing a potential screening protocol revealed that the pres-
ence of a CSI (RR  10.4), basilar skull fracture (RR 
3.60), or a mandible fracture (RR  2.51) were the best
predictors of any BCVI (Table IX).
Multivariate logistic regression analysis (MLRA) ini-
tially included all variables with a P value less than 0.05 and
a relative risk greater than two by univariate analysis. ED-
GCS and ISS were also included because of their low P
value on univariate analysis. Significant predictors of BCAI
(P  .05) on MLRA were mandible fracture (odds ratio
(OR)  4.49), ISS (OR  1.06), and ED-GCS (OR 
0.91) (Table X). Although not independent predictors of
BCAI (P  .05), inclusion of basilar skull fracture and
traumatic intracranial hemorrhage (TICH) into the model
Table III. Frequency of injury by injured vessel and side
for all BCVI
Injured artery Right Left Bilateral Total
Carotid 21 17 5 43
Vertebral 29 26 4 59
Total 50 43 9 102
BCVI, Blunt cerebrovascular injury.
Table IV. Frequency of occurrence by injury grade for
BCAI
Grade Frequency Percent
1 7 16.28
2 12 27.91
3 15 34.88
4 7 16.28
5 2 4.65
Total 43 100
BCAI, Blunt internal carotid artery injury.improved the accuracy of the multivariate logistic regres-sion model by increasing the area under the receiver oper-
ating curve (ROC) to 0.88.
MLRA revealed that CSI (OR 20.7) and ISS (OR
1.05) significantly predicted the presence of BVAI (Table
XI). Inclusion of basilar skull fracture, thoracic or lumbar
spine fracture, or ED-GCS into the multivariate logistic
regression model improved the area under the ROC to
0.90.
Independent predictors of any BCVI were CSI (OR 
5.67), mandible fracture (OR 2.59), basilar skull fracture
(OR 1.96), ISS (OR 1.06), and EDGCS (OR 0.92)
(Table XII). Inclusion of thoracic or lumbar spine fracture,
any facial injury, and Lefort fracture into the multivariate
logistic regression model improved the area under the
ROC to 0.89.
DISCUSSION
The diagnosis and treatment of patients with blunt
injury to the cervical vasculature supplying the cerebral
circulation (BCVI) has evolved rapidly over the last decade.
Since the effectiveness of early diagnosis and treatment with
anticoagulation for BCAI was first advocated by Dr. Fabian
and colleagues,9 the impetus for progress has been rapid.
Subsequent studies soon confirmed an improvement in
outcome with early treatment for both BCAI10 and
BVAI.11 These injuries continued to remain elusive for
most practitioners since specific signs and symptoms of
BCVI are often entirely absent on presentation and an
Table V. Frequency of occurrence by injury grade BVAI
Grade Frequency Percent
1 1 1.69
2 11 18.64
3 5 8.47
4 41 69.49
5 1 1.69
Total 59 100
BVAI, Blunt vertebral artery injury.
Table VI. Incidence of BCVI by year
Year Admits No. BCVI
Incidence
of BCVI 95% CI
2000* 576 4 0.0069 0.0001-0.0137
2001 972 4 0.0041 0.0001-0.0081
2002 1,043 1 0.0010 0-0.0028
2003 1,088 18 0.0165 0.0090-0.0241
2004 1,078 11 0.0102 0.0042-0.0162
2005 1,189 18 0.0151 0.0082-0.0221
2006 1,078 14 0.0130 0.0062-0.0198
2007 1,150 16 0.0139 0.0071-0.0207
2008 1,188 11 0.0093 0.0038-0.0147
2009** 573 5 0.0087 0.0011-0.0164
BCVI, Blunt cerebrovascular injury; CI, confidence interval.
*Incomplete year: June 22, 2000 through December 31, 2000.
**Incomplete year: January 1, 2009 through June 4, 2009.accurate and practical diagnostic imaging test was not
ence i
terval
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ports showed that delay in diagnosis beyond the first day led
to a significantly worse outcome,2,3,11,12 it became clear
Table VII. Incidence and Relative Risk for each risk facto
BCAI
n (%)
No
n
Basilar skull Fx 12 (27.9) 721
TICH 22 (51.2) 1,866
Mandible Fx 8 (18.6) 490
Any Facial Fx 17 (39.5) 1,506
Any Le Fort Fx 8 (18.6) 705
Pelvic Fx 11 (25.6) 1,046
Any facial injury 27 (62.8) 3,679
T or L spine Fx 15 (34.9) 1,654
C-spine Fx 8 (18.6) 822
Any abdominal injury 10 (23.3) 1,257
Any rib Fx 12 (27.9) 1,594
Any extremity Fx 12 (27.9) 3,938
BCAI, Blunt internal carotid artery injury; C-spine, cervical spine; CI, confid
TICH, traumatic intracranial hemorrhage.
Table VIII. Incidence and Relative Risk for each risk fact
BVAI
n (%)
No B
n (
C-spine Fx 43 (72.9) 822
Basilar skull Fx 11 (18.6) 721
T or L spine Fx 18 (30.5) 1,654
Any facial injury 31 (52.5) 3,679
Any Le Fort Fx 7 (11.9) 705
Any rib Fx 14 (23.7) 1,594
Mandible Fx 4 (6.8) 490
TICH 14 (23.7) 1,866
Pelvic Fx 7 (11.9) 1,046
Any facial Fx 9 (15.3) 1,506
Any abdominal injury 6 (10.2) 1,257
Any extremity Fx 14 (23.7) 3,938
BVAI, Blunt vertebral artery injury;C-spine, cervical spine;CI, confidence in
traumatic intracranial hemorrhage.
Table IX. Incidence and Relative Risk for each risk factor
BCVI
n (%)
No B
n (%
C-spine Fx 51 (50.0) 822 (
Basilar skull Fx 23 (22.6) 721 (
Mandible Fx 12 (11.8) 490 (
T or L spine Fx 33 (32.4) 1,654 (
TICH 36 (35.3) 1,866 (
Any Le Fort Fx 15 (14.7) 705 (
Any facial injury 58 (56.9) 3,679 (
Any facial Fx 26 (25.5) 1,506 (
Pelvic Fx 18 (17.7) 1,046 (
Any rib Fx 26 (25.5) 1,594 (
Any abdominal injury 16 (15.7) 1,257 (
Any extremity Fx 26 (25.5) 3,938 (
BCVI, Blunt cerebrovascular injury;C-spine, cervical spine;CI, confidence in
traumatic intracranial hemorrhage.that screening protocols on or soon after admission basedon assessment of risk factors would be the most efficacious
way to identify these injuries in a timely manner. The
ongoing work to accomplish this goal has been waged on
43 patients with BCAI
RR 95% CI P
) 4.83 2.49-9.36 .001
0) 4.43 2.44-8.04 .001
) 4.30 2.01-9.23 .001
3) 3.59 1.95-6.59 .001
) 2.94 1.37-6.31 .011
6) 2.87 1.45-5.67 .005
4) 2.81 1.52-5.21 .001
8) 2.63 1.41-4.92 .004
) 2.49 1.16-5.35 .03
8) 2.06 1.02-4.17 .06
2) 1.99 1.03-3.87 .06
1) 0.58 0.30-1.13 .12
nterval; Fx, fracture;RR, relative risk; T or L spine, thoracic or lumbar spine;
r 59 patients with BVAI
RR 95% CI P
28.0 15.9-49.6 .001
2.87 1.50-5.50 .004
) 2.16 1.24-3.75 .008
) 1.84 1.11-3.07 .02
1.74 0.79-3.81 .20
) 1.60 0.88-2.91 .15
1.38 0.50-3.80 .54
) 1.33 0.73-2.41 .40
) 1.13 0.51-2.48 .67
) 1.0 0.49-2.02 1.00
) 0.77 0.33-1.80 .70
) 0.47 0.26-0.85 .01
Fx, fracture;RR, relative risk; T or L spine, thoracic or lumbar spine; TICH,
atients with BCVI
RR 95% CI P
10.4 7.09-15.21 .001
3.60 2.27-5.69 .001
2.51 1.38-4.55 .005
2.34 1.55-3.53 .001
2.30 1.54-3.45 .001
2.21 1.28-3.80 .006
2.19 1.48-3.23 .001
1.88 1.21-2.92 .008
1.79 1.07-2.96 .03
1.76 1.13-2.73 .015
1.27 0.74-2.15 .37
0.52 0.33-0.80 .003
; Fx, fracture;RR, relative risk; T or L spine, thoracic or lumbar spine; TICH,r for
BCAI
(%)
(7.3
(19.
(5.0
(15.
(7.2
(10.
(37.
(16.
(8.4
(12.
(16.
(40.or fo
VAI
%)
(8.4)
(7.3)
(16.8
(37.4
(7.2)
(16.2
(5.0)
(19.0
(10.6
(15.3
(12.8
(40.1
terval;for p
CVI
)
8.4)
7.3)
5)
16.8)
19.0)
7.2)
37.4)
15.3)
10.6)
16.2)
12.8)
40.1)two separate fronts: 1) To identify the best imaging modality
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accurate set of risk factors to reliably predict those patients at
high risk for BCVI and screen only those patients.
Initially, FVCA was the only modality widely accepted
as accurate enough to identify patients with BCVI. Utiliz-
ing FVCA to screen high risk patients, Biffl et al achieved a
significant improvement in mortality (15%) and neurologic
morbidity (16%) compared with historical controls.10 A
subsequent report from the same institution reported im-
proved outcome for patients with BVAI screened with
FVCA.11 Miller achieved similar results with FVCA-based
screening protocol;13 this group from Memphis reported
an overall stroke rate of 31% and a stroke-related mortality
of 13% for patients with BCAI and a stroke rate of 14% and
Table X. Multivariate logistic regression model for
BCAI
Odds ratio 95% CI P
Mandible Fx 4.49 2.00-10.10 .001
Basilar Skull Fx 1.73 0.84-3.57 .14
TICH 1.61 0.84-3.10 .15
Injury Severity Score 1.06 1.04-1.09 .001
ED GCS 0.91 0.85-0.98 .01
BCAI, Blunt internal carotid artery injury;CI, confidence interval; EDGCS,
emergency department Glasgow Coma Scale; TICH, traumatic intracranial
hemorrhage.
Area under receiver operating curve (ROC): 0.88.
Table XI. Multivariate logistic regression model for
BVAI
Odds ratio 95% CI P
Cervical Spine Fx 20.7 11.3-37.7 .001
Basilar Skull Fx 1.80 0.9-3.7 .10
Injury Severity Score 1.05 1.0-1.1 .01
Thoracic or Lumbar Spine Fx 1.03 0.6-1.9 .93
ED GCS 0.95 0.9-1.0 .08
BVAI, Blunt vertebral artery injury; CI, confidence interval; ED GCS,
emergency department Glasgow Coma Scale.
Area under ROC: 0.90.
Table XII. Multivariate logistic regression model for
BCVI
Odds ratio 95% CI P
Cervical spine injury 7.46 4.87-11.44 .001
Mandible Fx 2.59 1.30-5.15 .007
Basilar skull Fx 1.76 1.02-3.01 .041
Thoracic or lumbar spine Fx 1.29 0.82-2.03 .28
Any facial injury 1.16 0.73-1.86 .53
Injury severity score 1.05 1.04-1.07 .001
Le Fort Fx 0.97 0.50-1.86 .92
ED GCS 0.93 0.89-0.97 .001
BCVI, Blunt cerebrovascular injury; CI, confidence interval; ED GCS,
emergency department Glasgow Coma Scale.
Area under ROC: 0.90.stroke-related mortality of 4% for BVAI. For those whowere able to receive treatment (anticoagulation), the stroke
rate for BCAI and BVAI was 6.8% and 2.8%, respectively.
In the cohort of patients who were unable to receive
treatment, usually due to a contraindication to anticoagu-
lation, the stroke rate for BCAI was 64% and for BVAI was
54%. Although these studies clearly demonstrated the ben-
efits of a screening protocol for BCVI, the difficulties of
having a team of radiologists available to screen large
numbers of at-risk patients, coupled with the known risks of
this invasive procedure, made the adoption of a screening
protocol with FVCA difficult for many institutions.
In response to this need, several different modalities
were investigated as an alternate to FVCA, including Du-
plex Doppler and MR angiography, but enthusiasm for
these modalities has waned as a better alternative evolved:
multi-detector CT angiography (MDCT-A). During the
1990s, CT technology advanced from slow one-slice-at-
time machines through the fast one slice at-a-time (helical)
era in to the modern era of ever-increasing numbers of
multi-detector arrays. This has led to a substantial improve-
ment in the quality of the images and the capabilities of CT
technology, particularly in the area of CT angiography.
Initial reports utilizing the earlier machines to screen for
BCVI were discouraging, with low sensitivity and specific-
ity.14,15 In 2004, we reported our experience with early
generation MDCT-A (mostly four-slice technology) and
found that following implementation of screening protocol
we reduced the BCVI-related mortality from 59% to 21%
and significantly reduced time to diagnosis.4 No patients
were identified during the three year study period whowere
felt to have a missed injury or developed delayed symp-
toms, although a head to head comparison for FVCA to
MDCT-A was not done. By the time the next generation of
scanners (sixteen-slice) came into wide use, several institu-
tions clearly showed that this technology achieved a sensi-
tivity and specificity equal to FVCA.5-7 At our own institu-
tion, we found that the incidence of BCVI identified
amongst all blunt trauma admissions tripled from the four-
slice era (0.38%) to the sixteen-slice era (1.2%).8
Although it seems that one front on the struggle to
create a simple and accurate way to screen for BCVI has
gained clarity, the question of exactly who to screen for
these injuries remains controversial. In one of the earliest
reports addressing this topic, Davis identified specific injury
patterns which increased the likelihood of BCAI.16 He
found that head injury, cervical fracture, and facial fracture
were found with increasing frequency in BCAI patients.
Parikh reported a similar associated injury pattern for BCAI
patients, but found additional markers to be physical signs
of neck injury and a Glasgow coma score less than seven.17
A multicenter trial from the Western Trauma Association
reported similar findings.18 Head (49%), face (35%), and
cervical spine (18%) injuries were the frequent associated
injuries identified amongst sixty patients with BCAI. The
association of BVAI with cervical spine injury (CSI) had
been appreciated for some time but the exact frequency of
the problem was not clear since only patients symptomatic
from posterior circulation ischemia were worked up. In a
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image all patients with a cervical spine injury admitted to
the hospital over a one-year period. He found a remarkably
high 19.7% (12/61 patients) incidence of vertebral artery
occlusion though only three had neurologic symptoms
(4.9%).
Following the onset of screening protocols, the accu-
rate identification of risk factors that could be applied
within the early post-injury period became more urgent. In
a comprehensive and benchmark-setting analysis, Biffl and
his colleagues in Denver reviewed their almost nine-year
experience with all BCVI, a period covering both the
screening and pre-screening era.2 For BCAI, they per-
formed both a univariate and multivariate analysis of risk
factors in 85 patients with BCVI. They identified the fol-
lowing as highly significant markers for BCAI: Glasgow
Coma Score less than or equal to six, petrous bone fracture,
diffuse axonal injury, and Lefort II or III fracture. Of note,
other facial fractures, chest injury, traumatic intracranial
hemorrhage, and basilar skull fracture were not statistically
significant predictors of BCAI. For BVAI, the only associ-
ated injury that reached statistical significance was CSI.
Because of the population size and the thoroughness of this
analysis at a time when few other centers were screening,
this paper became the benchmark by which all screening
protocols have been developed. The same paper also found
that most injuries were associated with a mechanism con-
sistent with a high speed deceleration, hyperflexion, and
hyperextension and recommended narrowing the screened
population to only this group.
At our own institution, we began screening with
MDCT-A in the year 2000 utilizing the Denver experi-
ence as a loose model to identify at-risk patients. An
analysis of our own experience suggested that patients
with significant chest injury were also at risk for BCVI.3
Additionally, because we wished to simplify the protocol
in order to make it workable, we broadened the screen-
ing protocol to include all patients with any basilar skull
fracture, any intracranial hemorrhage, or any facial frac-
ture if they had a mechanism that put them at risk for
BCVI. This study is the report of that nine-year experi-
ence.
During this time, we identified 102 patients with BCVI
amongst 9935 blunt trauma admissions. This 1.03% inci-
dence is similar to other series, a figure which now appears
to be fairly constant amongst centers that screen for these
injuries. As noted in the introduction, BCVI is a termwhich
includes two very distinct injuries: BCAI and BVAI. These
two unique injuries are often combined as a single concept
because the anatomic location and function of the arteries
are similar as is our approach to treatment the injured
vessel. It also therefore seems reasonable that we might be
able to define a screening protocol which would encompass
both injuries. For the purposes of the initial discussion,
however, the two injuries are dealt with separately, because
those factors that predict the presence of these injuries are
somewhat different.Univariate analysis demonstrated several injuries that
have a highly statistically significant association with the
presence of BCAI (Table VII): basilar skull fracture (RR 
4.83), traumatic intracranial hemorrhage (RR  4.43),
mandible fracture (RR 4.30), and any facial fracture (RR
3.59). Multivariate logistic regression analysis (MLRA)
likewise found all of these except the presence of a facial
fracture to have a significant enough association to aid with
a predictive model for BCAI. All other associated injuries
were unable to hold up as predictive of BCAI when other
covariates were controlled for. These results reveal two
injuries highly associated with BCAI which were not
identified by the Denver group: basilar skull fracture and
mandible fracture. Since we also wanted to determine
those injuries which might allow for early screening (can
be rapidly triaged to MDCT-A while still in the scanner),
we did not break down traumatic intracranial hemor-
rhage (TICH) into more specific injury patterns such as
diffuse axonal injury, etc. as the Denver group did.
Despite this, TICH remained predictive enough of BCAI
to be considered significant on MLRA. In contrast to the
Denver series, we did not find Lefort fractures to be pre-
dictive of BCAI when subjected to MLRA. Emergency
department Glasgow Coma Score (ED-GCS) and Injury
Severity Score (ISS) are continuous variables that also
proved significant on MLRA for BCAI.
Cervical spine injury was confirmed on both univariate
(RR  28.0) and MLRA (OR  20.7) to have a strong
association with the presence of a BVAI. Basilar skull frac-
ture (RR  2.87) and the presence of any thoracic or
lumbar spine fracture (RR  2.16) also had statistically
significant associations with the presence of BVAI on both
univariate analysis (P  .05) and MLRA. While it has long
been known that CSI is a strong marker for BVAI, the
association with basilar skull fracture and non-cervical spine
fractures has not been described previously. While the
strength of their association is much weaker than CSI, it
seems logical that, since these injury sites are anatomically
and structurally similar to the cervical spine that harbors the
vertebral artery, a mechanism that might cause injury to
these structures could also injure this vessel. ED-GCS and
ISS also remained strong predictors of BVAI.
The combination of BCAI and BVAI into a single
group, blunt cerebrovascular injuries (BCVI), allowed us to
analyze the data in order to identify a group of patients who
we can identify early in order to screen for the presence of
these injuries with MDCT-A on admission to the hospital.
Univariate analysis found CSI (RR  10.4), basilar skull
fracture (RR 3.6), and mandible fracture (RR 2.51) to
bemost predictive of the presence of BCVI. Any thoracic or
lumbar spine fracture, TICH, Lefort fractures, any facial
injury, and facial fractures were also found to be statistically
significant predictors of BCVI. On MLRA, each of the
following were found to be significant predictors of the
presence of BCVI: CSI, mandible fracture, basilar skull
fracture, thoracic or lumbar spine fracture, any facial injury,
or a Lefort fracture. It is interesting to note that while a
Lefort fracture was not predictive of the presence of BCAI
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each such that, when combined, it is a significant predictor
of the presence of either injury. Again both ED-GCS and
ISS as continuous variables also reached statistical signifi-
cance as independent predictors of BCVI on MLRA. It is
interesting to note that ED-GCS and ISS perform relatively
consistently in all three logistic models with regard to
strength of association.
These results represent the largest group of patients
(102 BCVI) to undergo a multivariate logistic regression
analysis to identify those injuries and patient characteristics
associated with the presence of BCVI. Certain associated
injuries are strong markers for BCVI, such as the presence
of CSI, basilar skull fracture, and mandible fracture. When
these injuries are identified in a patient with a high-risk
mechanism, they should be screened for the presence of
BCVI. TICH, Lefort fracture, non-cervical spine fractures,
and facial injuries have a weaker yet statistically significant
association with the presence of a BCVI. These injuries in
isolation are probably not associated strongly enough with
BCVI to justify screening, but when found together or in
conjunction with other high-risk injuries may be useful in
identifying patients who would benefit from screening.
Likewise, no single number of GCS or ISS by itself justifies
screening for BCVI, but the higher the ISS and the lower
the GCS, the greater the risk of an associated BCVI. In
combination with other risk factors, these values may aid in
identifying the population at risk for BCVI.
The current study has several potential weaknesses
which must be addressed. First, these results are based on
the assumption that all BCVI during the period of the study
were identified. This is almost certainly a false assumption.
As seen in Table VI, the incidence of BCVI increased
during the later years of this study. This is most likely due to
an increased accuracy of MDCT-A with improvements in
technology, butmay also reflect an increase in both index of
suspicion for these injuries by the trauma surgeons with
more experience and institutional improvements to aid in
their detection, such as improving expertise by radiology
technicians and radiologists. Nevertheless, since we never
had a single injury that was screened and presented as a
missed or delayed diagnosis, it can be concluded that all
clinically significant injuries were being identified. Another
potential weakness is the retrospective nature of the analy-
sis. Although all BCVI were identified and recorded pro-
spectively by the first author (JDB), the associated injuries
were identified by ICD-9 code from the trauma registry. As
such, the data are limited by the accuracy of the injury codes
as well as the retrospective nature of this data set. Despite
these weaknesses, however, we think that the extended
time frame of the study and the large number of these rare
injuries identified and analyzed justify our conclusions.
It is our hope that these results will help trauma care
providers define a simple, quick, and accurate way of iden-
tifying BCVI during initial evaluation, thus allowing early
treatment and improved clinical outcome. Although some
lingering controversy remains, it is our opinion based on
our experience as well as that of others 4-8 that MDCT-A is,in its current form, accurate enough to identify these inju-
ries in a reliable manner. Along with the work fromDenver,
we think our data confirm that certain injuries should raise
a red flag and mandate a screening MDCT-A. The more
difficult scenario arises when a patient is encountered who
might be termed intermediate-risk (ie, possessing one or
more of the weaker risk factors or are somewhere along the
continuous spectrum of GCS and ISS) that would generate
concern. Which of these patients should be screened? The
simplest answer would be that the judgment of an experi-
enced clinician should then be relied on to make the
decision to screen and this is, in fact, how most of these
decisions are currently made; but is there anything objec-
tive that might aid in this decision tree? The answer may lie
in the creation of a valid prediction score using this data or,
even better, a large data pool such as the National Trauma
Databank. If created, perhaps as a nomogram, it could be
utilized in the trauma bay quickly and easily to aid with this
decision. This should be a fertile area of research in the near
future.
CONCLUSIONS
MDCT-A is an important early screening test for
BCVI. Given the recent advances in multi-detector row
scanners, trauma centers should consider a liberal policy of
early screening, collaborative radiologic support, and devel-
opment of a screening protocol. This study provides insight
into what risk factors should prompt MDCT-A. Our find-
ings validate the previous reports that MDCT-A is useful,
and suggest a population of trauma patients that are at
higher risk for BCVI. This should allow rapid, accurate
identification of these injuries and allow early treatment in
order to improve outcome. Since these data reveal signifi-
cant associations between individual injuries and BCVI, the
development of a valid prediction score to facilitate the risk
calibration for individual patients is warranted.
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